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Title of the Invention: Method of supplying gases for an excimer 
laser apparatus 

Abstract : 
(object) 

This invention provides a method for easily supplying combined gases 
into an excimer laser apparatus at a precise ratio. 

(structure) 

In an excimer laser apparatus using as a laser medium a mixed gas 
that consists of a halogen gas, a first rare gas, and a second rare 
gas, the mixing ratio of the mixed gas being a/b/c, a mixed gas that 
consists of three components, a halogen gas, a first rare gas, and a 
second rare gas, in the ratio of (n x a)/b/c (n is a number 
satisfying 1 < n < 100) , and a mixed gas that consists of a first 
rare gas and a second rare gas in the ratio of b/c, are used for the 
laser medium to be charged and replenished. 

Claims : 

1. A method for supplying laser gases to an excimer laser apparatus 
using as a laser medium a mixed gas that consists of a halogen gas. a 
first rare gas, and a second rare gas. the mixing ratio of the mixed 
gas being a/b/c, characterized by using a mixed gas that consists of 
three components, a halogen gas, a first rare gas, and a second rare 
gas, in the ratio of (n x a) /b/c (n is a number satisfying 1 < n < 
100) , and a mixed gas that consists of a first rare gas and a second 
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rare gas, in the ratio of b/c. 



2. The method for supplying gases of claim 1, wherein the laser gas 
is supplied while the concentration of the halogen gas is measured. 

3. A method for compensating for the lack of a halogen gas to an 
excimer laser apparatus using as a laser medium a mixed gas that 
consists of a halogen gas. a first rare gas, and a second rare gas, 
the ratio of the mixed gas being a/b/c, characterized by using a 
mixed gas that consists of three components, a halogen gas, a first 
rare gas, and a second rare gas, in the ratio of (n x a) /b/c (n is a 
number satisfying 1 < n < 100) . 

4. The method for compensating for the lack of a halogen gas of 
claim 3, wherein the halogen gas is supplied while the concentration 
of the halogen gas is measured. 

Detailed Explanation of the Invention: 

[0001] 

[Industrial applicable field] 

This invention relates to a method for supplying a laser gas to an 
excimer laser apparatus. 

[0002] 
[Prior art] 
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Fig 3 is a view explaining the structure of the conventional excimer 
laser gas supplying apparatus disclosed in Japanese Utility Model 
Early-publication No. 1-146565/1989. It shows a laser box 1. a 
pressure gauge 2, valves 3-6 and 9-17, a halogen cylinder 18, a first 
rare gas cylinder 19, and second rare gas cylinders 20, 21. 

[0003] 

In this conventional gas supply apparatus, the gas components are 
separately supplied by gas cylinders 18 through 21. respectively. 
The mixed gas is filled, while the mixing ratio of the gas is 
controlled by the pressure gauge 2, to become a preset gas 
concentration and a preset gas-mixing ratio. 

[0004] 

As an example, a KrF excimer laser is explained as follows: A KrF 
excimer laser is operated, for example, in the ratio shown in Table 
1. In this example, the F2 gas is used as the halogen gas, the Kr 
gas as the first rare gas, and the Ne gas (or He gas) as the second 
rare gas. For the gas sources for supplying those gases, (generally) 
cylinders charged with the gases shown in Table 2 are used. When the 
cylinders 18, 19, and 20 are charged with a 5-25% gas. a 1-5% gas, 
and a gas as a buffer, respectively, the mixing ratio of the blended 
gas becomes the one in Table 1. Based on the readings by the 
pressure gauge 2 the gas mixing and charging are made. 

[0005] 
[Table 1] 
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F2 
Kr 

Ne (or He) 



0.1-0,5% 

1-5% 

buffer 



[0006] 
[Table 2] 

Halogen cylinder 18 F2 2% / Ne (or He) 

First rare gas cylinder 19 Kr 100% 

Second rare gas cylinder 21 Ne 100% 

Following the gas-charging, the laser is operated in the normal way. 
[0007] 

Because an excimer laser generates a laser beam in the gases 
containing an active halogen gas, the halogen gas decreases as the 
normal operation proceeds, because of the reaction between a material 
of the laser apparatus and the halogen gas. When for this reason the 
halogen gas decreases, only the gas in the cylinder 18 is recharged, 
to replenish the decreased halogen gas, so that the proper gas-mixing 
ratio is reestablished. 

[0008] 

Disadvantages avoided by this invention: 

In the conventional gas supplying process, since several kind of 
gases in the laser gas are supplied by respective cylinders, the same 
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number of gas cylinders were required as the kinds of the gas 
components. As a result, the apparatus was complex. Also, a very 
intricate control was necessary to mix the gases precisely, because 
the gas was mixed based on the readings of the pressure gauge. 

[0009] 

A halogen gas is active. Thus it causes the gas concentration to be 
low. because of a reaction in the gas cylinder. The conventional gas- 
charging method had the problem wherein the accuracy degraded when 
the gas cocentration varied in the gas cylinder, because the charging 
was made by just relying on the gas pressure, and by assuming that 
the gas concentration in the gas cylinder was constant. 

[0010] 

As stated above, when the halogen gas decreases during the laser 
operation, it must be replenished. Conventionally, gas that was 
diluted to a 2-20% concentration with the rare gases was used. This 
resulted in the rare gas that was used for the dilution being also 
added when the halogen gas was supplied, and this made the 
concentration of the rare gas exceed the proper one. That is. this 
is not the best condition, and it is one that makes it impossible to 
fully reestablish the output. When the condition became worse, the 
gases had to be completely exchanged. 

[0011] 

This invention relates to a method for supplying laser gases to an 
excimer laser apparatus using as a laser medium a mixed gas that 
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consists of a halogen gas, a first rare gas. and a second rare gas. 
whose mixing ratio is a/b/c. characterized by using a mixed gas that 
consists of three components, i.e.. a halogen gas. a first rare gas. 
and a second rare gas. in the ratio of (n x a)/b/c (n is a number 
satisfying 1 < n < 100) . and a mixed gas that consists of a first 
rare gas and a second rare gas, in the ratio of b/c. This invention 
also relates to a method for replenishing a halogen gas to an excimer 
laser apparatus, using as a laser medium a mixed gas that consists of 
a halogen gas. a first rare gas. and a second rare gas. whose ratio 
is a/b/c. characterized by using a mixed gas that consists of three 
components, i.e.. a halogen gas, a first rare gas, and a second rare 
gas. in the ratio of (n x a) /b/c (n is a number satisfying 1 < n < 
100) . 

[0012] 
[Function] 

By the method for supplying the gases to an excimer laser apparatus 
of this invention, a suitable mixing ratio for a laser gas is easily 
obtained by supplying the preset gas flows from two sorts of gas 
cylinders, one containing three components of mixed gas and the other 
containing two components of mixed gas. 

[0013] 

Furthermore, since the gases are charged while the halogen gas 
concentration is measured, the laser gas can be constantly supplied 
at a stable mixing ratio. 
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[0014] 

[Embodiment] 

One of the embodiments of this invention will now be explained by 
reference to Fig. 1. It shows a laser box 1, a pressure gauge 2, 
connected to the laser box, indicating the pressure of the charged 
gas, valves 3-6 to introduce the gases to the laser box, a cylinder 7 
to contain the mixed gas, which consists of three components, a 
halogen gas, a first rare gas, and a second rare gas, which mixed gas 
is used for the laser gas. and a cylinder 8 to contain the gas that 
consists of the two components of the first rare gas and the second 
rare gas. 

[0015] 

In this invention the cylinders 7 and 8 are used to charge a laser 
gas of the halogen gas/ the first rare gas/ the second rare gas, in 
the ratio of a/b/c (expressed by mole-ratio; the following is the 
same), into the laser box 1, the cylinder 7 being charged with the 
mixed gas that consists of the halogen gas, the first rare gas, and 
the second rare gas. in the ratio of (n x a)/b/c (n is a number 
satisfying 1 < n < 100), and the cylinder 8 being charged with the 
gas that consists of two components, i.e.. the first rare gas, and 
the second rare gas. in the ratio of b/c. 

[0016] 

The n represents a coefficient expressing the ratio of the halogen 
gas concentration in the three component-mixed gas in the cylinder 7 
and the halogen gas concentration in the final mixed gas, which is 
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the laser gas. This means that the cylinder 7 contains the halogen 
gas, the first rare gas, and the second rare gas, among which only 
the halogen is n times, compared with the components of the laser 
gas. In this invention, since n has the following relationship: 1 < 
n < 100, the halogen gas in the three components in the cylinder 7 is 
kept at a higher concentration than the set value of the halogen gas 
in the laser gas. As stated, in the three components in the cylinder 
7, the halongen gas is kept at the highest concentration. Thus, to 
get the preset gas-mixing ratio when the gases are charged to the 
laser box. the dilution must be made by the two-component mixed gas 
in the cylinder 8, which consists of the first rare gas and the 
second rare gas, but that does not contain the halogen gas, although 
it is contained in the laser gas. For the final laser gas the 
concentration is made as a/b/c, namely, n = 1. The mixing ratio of 
the first rare gas, and the second rare gas in the cylinder 8, is 
b/c, i.e., the same as that in the three-component mixed gas in the 
cylinder 7. Therefore, by controlling the halogen concentration only 
a laser gas of the desired mixing ratio can be obtained regardless of 
the n. 

[0017] 

How to set the n is explained below in more detail in the case of a 
gas charged with the three-component mixed gas and two-component 
mixed gas. 

[0018] 

Here, the dilution ratio m is used to easily express the ratio of the 
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three-component mixed gas and the laser gas. The m is represented by 
the following formula: 



[0019] 

[Numerical formula 1] 

The number of moles of the charged three-component mixed gas 

m = — — \ — 

The number of moles of the charged three-component mixed gas 
+ The number of moles of the charged two-component mixed gas 

If the temperature and volume in a laser apparatus are kept constant, 
the number of moles charged will be proportional to the charging 
pressure. Therefore, the number of moles charged may be replaced by 
the charging pressure. In the one embodiment, when the three- 
component mixed gas is charged at 0.3 atm, and the two-component 
mixed gas at 2.7 atm, then, the total pressure is 3 atm, and the 
dilution ratio will be: 

[0020] 

[Niimerical formula 2] 

m = 0.3/(0.3 + 2.7) = 1/10 

[0021] 

A case is herein explained wherein the mixed gas that consists of 
three components and the mixed gas that consists of two components 
are charged in a dilution ratio of m, so as to make a laser gas 
comprising a halogen gas, a first rare gas, and a second rare gas, in 
the ratio of a/b/c, where the three-component mixed gas is in the 
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ratio of na/b/c, and the two-component mixed gas is in the ratio of 
b/c. Assuming that the total pressure of the laser gas is Pt. the 
partial pressure of the halogen is Pa. the partial pressure of the 
first rare gas is Pb. and the partial pressure of the second rare gas 
is Pc. then: 

[0022] 

Pt = Pa + Pb + Pc 
Pa/Pb/Pc = a/b/c 

(The mole-ratio is equal to the partial pressure ratio under constant 
volume and temperature. This point is stated above.) Since the 
charging ratio or the dilution ratio of the mixed gas that consists 
of the three components is m, the charging pressure of the mixed gas 
is Pt-m. On the other hand, the charging pressure of the mixed gas 
that consists of the two components is Pt- (1-m) . Thus, the partial 
pressure of the respective gases in the laser gas is: 

[0023] 

[Numerical formula 3] 

Pa = (Pt'm x na/(na + b + c)) 

Pb = {Pt-m X b/(na + b + c)} + {Pt' (1-m) x b/(b+c)} 

= {n(l-m)a + b + c}'Pt«b/{(na + b + c) (b + c)} 

Pc = {Pt'm X c/(na + b + c)} + {Pt- (1-m) x c/(b+c)} 

= {n(l-m)a + b + c}'Pt'c/{(na + b + c)(b + c)} 

Therefore, the ratio of Pb to Pc is Pb/Pc=b/c. Thus it is constant 
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regardless of the values of n, m, a. b, c, and Pt. The n is as 
follows: 

[0024] 

The partial pressure of the halogen gas Pa is: 
[0025] 

[Numerical formula 4] 

Pa = na'Pt'm/(na + b + c) 

The concentration ratio of the halogen in the laser gas is: 
[0026] 

[Numerical formula 5] 
a/(a + b + c) 

Therefore, n is as follows: 

[0027] 

[Numerical formula 6] 

Pa = a'Pt/(a + b + c) 

;.Pa = na'Pt*m/«(na + b + c) = a'Pt/(a + b + c) 
n = (b + c)/{m(a + b + c)-a} 

[0028] 

Thus, n can be derived from a, b. c, and m. Therefore, n can be 
obtained if the laser gas composition and the dilution ratio m are 
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obtained. In this case, the dilution ratio m may be obtained after 
the n is obtained. 

[0029] 

The range of n is now explained. 
[0030] 

In this invention, n is within 1 < n < 100. However, if n becomes 
outside of this range, the situation becomes as follows: 

[0031] 

If n=l. the composition ratio of the mixed gas that consists of the 
three components in the cylinder 7 is the same as that of the laser 
gas, and the composition a/b/c results. Thus, even if the mixed gas 
that consists of the two components in the cylinder 8 is not added, 
the preset gas concentration has already been obtained. (If the two- 
component mixed gas is added, the halogen gas concentration becomes 
lower than the preset value.) Therefore, there is no need to add the 
two-component mixed gas, and the effect of this invention using the 
three-component mixed gas and the two-component mixed gas is not 
obtained . 

[0032] 

If n < 1, the halogen concentration in the three-component mixed gas 
is lower than that of the laser gas, so that more halogen gas is 
needed to get the preset concentration. Therefore, in this case the 
effect of this invention is also not obtained. 
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[0033] 

If n > 100, when the gas is charged by the method of this invention 
the mixed gas that consists of the three components in the cylinder 7 
is diluted with the mixed gas that consists of the two components in 
the cylinder 8. If n is too large, because m (the dilution ratio) 
nearly equals n, the dilution ratio of the three-component mixed gas 
is also about 100 or more. Under such conditions, the volume of the 
three-component gas to be charged is small. Thus, the accuracy in 
controlling the charging volume is harmed. Even if the three- 
component gas is charged when either of the pressure or the flow rate 
is controlled, the accuracy is very bad when m nearly equals n and is 
100 or more. 

[0034] 

By this invention the laser gas is combined with the gases supplied 
through valves from the cylinders in which the mixed gases are 
charged. The supply of gas, which is based on the reading of the 
pressure gauge 2, makes the concentration of the laser gas in the 
laser box proper. 

[0035] 

The following embodiment is explained: a laser gas comprising 
F2/Kr/Ne in a mix ratio of 0.2/2.0/97.8 (buffer) (hereafter 
"Composition 1") is charged in the laser box 1 under a gas pressure 
of 3 atm. The dilution ratio m is set to 1/10. In this case, the 
pressure of the three-component gas is: 
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[0036] 

[Numerical formula 7] 

3(atm) X 1/10 = 0.3(atm) 

The pressure of the two-component gas is 

3(atm) - 0.3(atm) = 2.7(atm) 

[0037] 

In this embodiment, n is calculated by the formula mentioned above, 
as follows: 

[0038] 

[Numerical formula 8] 

n = (b + c)/{m(a + b +c) - a} 

= (2 + 97.8)/{(l/10) (0.2 + 2 + 97.8) - 0.2} 
= 99.8/9.8 
= 998/98 

Thus, the following ratio of gas is used for the three-component gas: 
[0039] 

[Numerical formula 9] 

(998/98) X 0.2/2.0/97.8 

[0040] 
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Based on these operations, the partial pressure of F2 in the laser 
box 1 can be obtained as 0.006 atm by the following formula: 

[0041] 

[Numerical formula 10] 

{na/(na + b + c)} x 0.3 

= {(998/98) X 0.2} x 0 .3/{ (998/98) x 0.2 + 2 + 97.8} 
= 0.006 (atm) 

The partial pressure Kr is obtained as 0.06 by the following formula: 
[0042] 

[Numerical formula 11] 

{b/(na + b + c) x 0.3 + (b/(b + c)) x 2.7 

= (2/((998/98) x 0.2 + 2 + 97.8)) x 0.3 + (2/(2 + 97.8)) x 2 
= 0.006 (atm) 

The partial pressure Ne is obtained as 2.934 atm by the following 
formula: 

[0043] 

[Numerical formula 12] 

(c/(na + b + c)) X 0.3 + (c/(b + c)) x 2.7 

= (97. 8/ ((998/98) x 0.2) + 2 + 97.8) x 0.3 + (97.8/(2 + 97.8)) x 2.7 
- 2. 934 (atm) 

[0044] 
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Therefore, the laser gas composition in the laser box is as follows: 
F2/Kr/Ne = 0.006/0.06/2.934 = 0.2/2.0/97.8 - a/b/c 

[0045] 

By this invention two sorts of cylinders are required to supply a 
laser gas comprising three sorts of gases. 

[0046] 

Next, the process to replenish the halogen gas is explained. 
[0047] 

When the halogen gas decreases, to keep its concentration suitable 
the gas must be replenished. In the conventional gas-charging 
method, however, this results in the rare gas also being added, and 
in the expected gas-mixing ratio not being able to be obtained. In 
contrast, by this invention the halogen gas can be replenished 
without this problem. 

[0048] 

For example, the laser operates by charging gas of 3 atm with the 
mixing ratio of Composition 1. The halogen gas is replenished when 
the halogen gas concentration decreases to one half. The operation 
is continued after the replenishment. When the concentration is 
again one half, the halogen gas is again replenished. In this case, 
when the replenishing is repeated 10 times, the gas-mixing ratio in 
the laser box is as follows: (In these steps, because the pressure 
in the laser box increases due to the gas replenishment, the gas is 
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released from the box until the pressure after the replenishment 
reaches 3 atm. 

[0049] 

That is, the operation is as follows: The excimer laser apparatus is 
operated using the laser gas of Composition 1 as the laser medium. 
When the halogen gas decreases and the pressure gauge 2 indicates 
2.997 atm (or when the halogen gas decreases to 1/2 and F2/Kr/Ne is 
0.1/2.0/97.8), the gas, whose mixing ratio is shown by formula 13. is 
replenished from the gas cylinder 7 in the laser box 1 to increase 
the pressure in the laser box 1 to 3.165 atm, and thereafter the gas 
is released until the pressure reaches 3 atm. 

[0050] 

[Numerical formula 13] 

((998/98) X 0. 2) /2, 0/97. 8 

This procedure makes the laser gas composition in the laser box 1 
have a composition as in the original Composition 1- This 
composition can be obtained even if the gas is replenished several 
times. 

[0051] 

In contrast, in the conventional method, when the halogen gas 
decreases to 1/2 and the F2/Kr/Ne rate is 0.1/2.0/97.8. the mixed 
gas. whose mixing ratio F2/Ne is 2/98, is supplied so as to make the 
pressure in the box 3.165 atm, and thereafter the gas is released 
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until the pressure reaches 3 atm. As a result, the partial pressures 
of the component gases are as follows: the F2 is 0.006 atm. the Kr 
is 0.057 atm. the Ne is 2.934 atm, and the F2/Kr/Ne is 0.2/1.9/97.8. 
If such a procedure is repeated 10 times, the F2/Kr/Ne is 
0.2/1.3/98.5, and thus the ratio of Kr decreases. 

[0052] 

Next, another embodiment of this invention is explained by referring 
to Fig. 2. It shows a measuring device 9 to measure the halogen gas 
concentration in the lasier gas within the laser box 1, and which 
device is connected to the laser box 1. The other parts are the same 
as those in Fig. 1. 

[0053] 

While in the prior embodiment the gas-mixing ratio is controlled 
based on the pressure-gauge reading, in this embodiment the gas- 
mixing ratio is controlled based on the measurements of the 
concentration of the halogen gas by the gas-measuring device 9. The 
pressure gauge may be used or not. Therefore, the halogen gas always 
can be charged with an accurate gas-mixing ratio, even if the halogen 
gas reacts in the cylinder and decreases. When the laser gas is 
initially charged, the charging can be also done with an accurate gas- 
mixing ratio. 

[0054] 

The halogen gas, the first rare gas, and the second rare gas, used in 
this invention, can be those that are also used in a convent ioal 
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excimer laser apparatus. They are not restricted in this invention. 
Additionally, the types of laser box, pressure gauge, and halogen gas- 
measuring device, are also not restricted. 



[0055] 

[EFFECTS OF THE INVENTION] 

By the method of this invention, which uses as a gas to be supplied 
to the laser box a mixed gas that consists of three components and a 
mixed gas that consists of two components, less cylinders need be 
used. Also the mixing ratio can be easily controlled at the initial 
gas charging to the laser apparatus. Further, when the halogen gas 
is replenished, this can be done without changing the rare-gas mixing 
ratio. 

[0056] 

In addition, this invention can provide a laser gas with a very 
precisely controlled mixing ratio, when the halogen gas concentration 
is measured during the charging or replenishment. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

This is an explanatory drawing showing the method for supplying the 
gases to the excimer laser apparatus of this invention. 



[Fig. 2] 

This is an explanatory drawing showing another method for supplying 
the gases to the excimer laser apparatus of this invention. 
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[Fig. 3] 

This is an explanatory drawing showing a method for supplying the 
gases to a conventional excimer laser apparatus. 



[Explanation of symbols] 

1: laser box 

2: pressure gauge 

3 : valve 

4 : valve 

5 : valve 

6 : valve 

7: cylinder for the mixed gas of the three components 

8: cylinder for the mixed gas of the two components 

9: measuring device to measure the concentration of halogen gas 
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